The small intestine of the dog and the descending colon of the rabbit were used. Dogs were anesthetized with morphine (3 mg/kg. subcutaneously) and sodium barbital (200 mg/kg. intraperitoneally). The use of morphine in the dog is important because under the influence of barbiturates alone motility is weak and peristaltic waves can be elicited only after long delays. Also without morphine, any manipulation of the intestine, the introduction of the bolus itself, produces a further diminution of motility, a reflex which is not disturbing if morphine is given. Neither purgation nor denervation, as recommended by Bayliss and Starling, was necessary. Rabbits were anesthetized with sodium pentobarbital, injected intravenously.
A piece of intestine about 6 cm. long was attached to a cork board by two pins, and longitudinal incisions were made at both ends. The board was rigidly clamped. For recording action potentials, the differential, non-polarizable electrodes previously described (8) were used in most experiments. Because some difficulty was experienced in preventing slipping during strong contractions, other types of electrodes were tried, but all gave essentially the same type of records. For very strong contractions it proved best to sew fine silk threads on the intestinal wall and connect them to the non-polarizable electrodes. Metallic electrodes directly in contact with the tissue were unsuitable because they produced large movement artifacts. For recording, an oscillograph or a mechanical recorder driven by a d.c. amplifier was used.
Varnished pieces of lead of different sizes were used as boluses. They were spindle-shaped, somewhat flattened on two sides so as to minimize the vertical movements of the intestinal wall during peristalsis. The experiments were carried out at a room temperature of 27' or higher. The air was often humidified. The exposed part of the intestine was covered with dry cotton except during observation. the introduction of a bolus is often rhythmic and that it varies in different species and even in different parts of the intestine in the same species.
I shall first describe peristalsis in the small intestine of the dog.
After a bolus large enough to fill the lumen is introduced, the strength of the rhythmic contractions gradually increases on the oral side. Sometimes there is also some increase caudally, but always much less. The contractions usually originate around the posterior half of the bolus and travel from there orally.
The activity on both sides of the bolus may be independent, but, as noted also by Hukuhara (3), waves of contraction originating on the oral side often travel over the bolus and beyond at a velocity of several centimeters per second.
On the aboral side, the contractions are much weaker and do not involve the circular muscles.
When the contractions on the oral side become strong enough to blanch the intestine, the bolus is pushed forward, each contraction transporting it for a short distance. The speed with which the bolus travels varies widely and increases, within limits, with the size of the bolus.
The contractions causing the transport of the bolus have the same frequency as those of the empty intestine and differ from the latter only by their greater strength.
The peristalsis, therefore, does not represent a single wave of contractions, but rather an advancing front of strong rhythmic activity.
The term 'peristaltic contraction, ' commonly used for this form of activity, is not appropriate. In very active preparations, particularly in the ileum, a more powerful response than that just described is often obtained.
The bolus may travel at a speed as high as one centimeter per second, driven forward by a single powerful wave of contraction which sweeps over the whole piece of intestine under observation.
In this type of peristalsis, a region of the intestine remains contracted for IO to 20 seconds, and a piece of intestine 5 to IO centimeters long is blanched at one time.
There are, however, all intermediate stages between these waves of contraction and the rhythmic type of peristalsis described above.
It seems unlikely, therefore, that any essential difference between these responses exists.
Thus, the prolonged contractions may be considered as being due to a fusion of several contractions, a conclusion which is confirmed by the observations on action potentials described below. The peristalsis of the descending colon of the rabbit has been studied by Langley and Magnus (7) and, in greater detail, by Auer and Krueger (I).
This part of the intestine, in contrast to the small intestine, is completely relaxed for long periods, but spontaneous strong contractions of variable duration may occur. A bolus, if it is large enough to distend the intestine, readily induces peristalsis.
This response may consist of a series of brief contractions, but more often a single prolonged contraction drives the bolus ahead.
Observations by Auer and Krueger which have some bearing on the question of the neuromuscular mechanism of peristalsis will be discussed in a subsequent paper (8) .
Action Potentials. It has been shown (6, 8) that the potentials accompanying ordinary rhythmic activity of the small intestine usually consist of a slow component, giving rise to R and T waves, and of brief spikes.
The significance of this duality is not known but it was found that the strength of contraction is closely related to the magnitude and frequency of the spikes and has little relation to the size of the slow component.
There are also marked and consistent differences between species and even between different regions of the intestine in the same species.
Thus, in the dog, the slow component is much more prominent in the ileum than in the duodenum (fig. I) .
The approach of a peristaltic wave has no effect on the action potentials. No evidence for a wave of inhibition preceding the peristaltic wave, as described by the older investigators (2, 7), was found. As the bolus passes below the leads the spike discharge generally increases and reaches its peak immediately oral to the bolus.
In the duodenum of the dog the action potentials at the height of peristalsis differ from those of the empty intestine only by the strong and prolonged spike discharge ( fig. IA) .
Although this activity may appear like a single prolonged contraction, the spikes are always grouped into distinct bursts showing that it does not differ fundamentally from the ordinary rhythmic activity of the intestine, in agreement with the conclusion already reached on the basis of other observations. In the terminal ileum, on the other hand, the spike discharge does not increase markedly during peristalsis ( fig. IB, C, 0) . Most surprising of all is the finding that no regular potential changes are present during the strongest contractions which cause intense blanching and last from IO to 20 seconds ( fig. ID) .
Because this phenomenon was observed in dozens of cases using different types of leads, including threads sewn on the muscle, and because it never occurred in the duodenum, it seems unlikely that failure of the recording mechanism could be responsible for this unexpected result. Also various gradations from the complete absence of regular potentials to slow, but regular R and T waves, and complexes with spikes were observed. The absence of potential changes during sustained contraction shows that the muscle can remain in a continuous state of activity for rather long periods of time so that no external potential differences are present, a situation similar to that during the iso-electric phase of the electrocardiogram and of the action potentials of many visceral smooth muscles.
During the spontaneous contractions of the rectum of the rabbit, brief bursts of spikes, which seem to be superimposed on slower rhythmic potential changes, are discharged at regular intervals ( fig. 2A) .
The frequency of the bursts is about one per second but increases with the strength of contraction.
During the periods of rest, no potential changes can be detected, but small slow potential waves of the same frequency as the bursts often precede a discharge. The peristaltic waves are accompanied by the same type of action potentials as those of the empty organ but the frequency of the bursts may be as high as two per second at the beginning of the contraction, declining gradually later on ( fig. 2B, C) . 
COUENTS
Since peristalsis usually is a rhythmic form of activity, it is evident that it is not comparable to the peristaltic contractions of the stomach and ureter. The latter are all or none conducted and correspond to the individual contractions which make up the peristaltic waves of the intestine. This difference is confirmed by observations on the action of drugs which will be discussed in a subsequent paper (8) . The results obtained suggest that the peristaltic waves of the intestine involve a synaptic reflex mechanism whereas there is no evidence for any participation of nervous elements in the individual contractions of the ureter and stomach. The first of these types of activity, to distinguish it from simple waves of contraction, may appropriately be called reflex peristalsis because it involves a nervous mechanism.
The differences in the responses of the intestine in different species and in different parts of the digestive tract are remarkable but they do not necessarily indicate any fundamental differences in the underlying mechanisms.
They also emphasize the importance of carrying out investigations on more than one type of preparation.
SUMbfARY
In the duodenum of the dog the introduction of a bolus strongly increases the strength of the rhythmic contractions on the oral side, with little or no effect caudally This activity differs from spontaneous contractions only by their greater strength and participation of the circular muscles. In strong peristalsis a single powerful and prolonged contraction sweeps over the intestine.
The latter type of response is seen frequently in the rectum of the rabbit and terminal ileum of the dog, less often in the duodenum of the dog. Since all gradations between these responses can be observed, the prolonged contractions may be considered as the result of a fusion between several rhythmic contractions.
This view is confirmed by a study of action potentials which differ usually from ordinary rhythmic contractions only by the greater strength of the spike discharge. However, in the ileum of the dog, no regular action potentials were observed during the strongest peristaltic waves, indicating a prolonged and continuous state of activity.
